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INTRODUCTION

The progress made from September 1, 1984 to August 31, 1985 can be divided into

the following categories.

1. Characterization of two cDNA clones, pVVI and pVV9 by Southern hybridization.

2. Strategy for subcloning pVVI and pVV9 DNA.

3. Progressive shortening of the pVVI & pVV9 DNA after Bal31 digestion and cloning

into E.coli 3M83.

4. Complete DNA sequence analysis of the subclones of pVVI and pVV9 generated by

Bal-31 and the verification of DNA sequence for the cDNA clone, pVVI7 by

sequencing the complementary strand.

5. Analysis of the DNA sequences of pVV17, pVV. and pVV9 for the presence of open

reading frame DNAs which are putative regions coding for the dengue viral

antigens.

6. Amino acid sequences of the dengue viral polypeptides deduced from the DNA

sequence.



1. Characterization of cDNA clones by Southern hybridization.

a. Rationale

During the period, Sept. 1, 1983 - Aug. 31, 1984, we obtained eleven cDNA

clones pVVI,2,4,7,8,9, 11,14,5,17 and 18 which had cDNA inserts, ranging in sizes from

0.95 kilobases to 2.0 kilobases (see Fig. 7 of Report Number Three). Of these clones,

only nine clones had cDNA inserts that could be released by PstI digestion. In the clones

pVV14 and 18, one of the Pstl sites were lost. The further characterization of these two

clones is not complete and therefore is not reported here. However, the characterization

of the other nine clones were carried out by Southern hybridization (1975). The results

are described in the following section.

b. Experimental

In order to characterize these cDNA clones with respect to the overlapping

regions present in them, several Southern hybridization (see Southern, 1975) were carried

out. In these experiments plasmid DNAs were prepared from these nine clones. Each

was digested with two different combinations of restriction enzymes, BgIll + Pstl and Pst

1 + EcoRl, except with cDNA clones, pVV7, pVVI and pVV9. pVV7 was digested only with

BglIl + PstT, pVVI with Pstl + PvulI and pVV9 with KpnI + Pst I. (Fig. Ib). In Fig. la,

these plasmid DNAs were digested with only Pstl as a control to release the cDNA

inserts. These restriction digests were electrophoresed on an agarose gel (1%) and the

DNA fragments were transferred to a Gene Screen Plus membrane filter (NEN-DuPont).

The DNA fragments immobilized on the membrane filter were hybridized with the probes

prepared from the cDNA inserts of pVV17 (Fig. 2a), pVV4 (Fig. 2b), pVV7 (Fig. 2c) and

pVVII (Fig. 2d) by nick translation. The results, summarized in Table I indicate that the

cDNAs from the plasmids pVV2,4,7,8,11,15 hybridized with the probe from pVVI7 and

therefore share common sequences with pVV17. In contrast, these cDNAs did not
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hybridize with pVV1 and 9. In order to examine whether pVV1 and pVV9 shared any

sequences, the pVVI plasmid DNA was digested with either Pstl alone (lane 2, Fig. 2e) or

Pstl + PvuT (lane 3, Fig. 2e). As controls, undigested pVVI7 DNA and PstI digested pVV9

DNA were used. These DNAs were electrophoresed on an agarose gel, transferred to a

Gene Screen Membrane filter and hybridized with the cDNA probe from pVV9 plasmid.

The results shown in Fig. 2e indicated that pVV1 and pVV9 shared common sequences and

the homologous sequences are located in the large fragment obtained from the digestion

of pVV1 cDNA insert with Pvull. Further hybridization analysis of pVVl and pVV9 cDNAs

suusequent to double digestion with KpnI and Pstl showed that pVV9 cDNA is located 5'

to pVVI cBNA and that these two cDNA shared approximately 450 base pairs (see Fig. 3).

Table I

Southern hybridization analysis of DEN-2 cDNA clones

Hybridization signal to cDNA clones

Exp t. Pro'>e +

1 17 2,4,7,8 ,11,15,17 1,9

2 11 2,4,11,15,17 1,9,7

3 4 2,4,7,11,15,17 1,9

4 7 2,4,7,17 1,9,11,15

pvv8 was not tested in experiments 2-4.
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2. Strategy for subcloning pVVI and pVV9 cDNA.

a. Rationale.

In order to analyze the organization of a viral genome and localization of the

gene coding for viral specific structural and non-structural proteins, it is important to

determine the nucleotide sequer.ce from which the amino acid sequence of the proteins

can be deduced (see the following sections). Several strategies for rapid sequencing of

long DNA fragments, which are over 2000 bp in length, have become available recently

using either the phage M13 system (Barnes and Bevan, 1983) or the plasmid system (Guo

et.al. 1983). The latter strategy was used for sequencing pVV17 cDNA clone (see Report

Number Three for details).

The same strategy was used for sequencing pVV1 and pVV9 cDNA clones. In

principle, a long target DNA is progressively shortened from one end, by digestion with

Bal-31 nuclease, followed by cleaving off the shortened vector DNA. The family of the

shortened target DNA molecule, is subsequently cloned between the PstI site and Sinai

site, within the polylinker region of pUCI3'-I (Fig. 4). DNA fragments cloned into this

plasmid are sequenced directly by the chemical method of Maxam and Gilbert (1977). A

few ambiguities in our sequence analysis were clarified by sequencing the compiementary

strand by labeling the 3' or 5' terminus.

3, Progressive shortening of the pVV1 & pVV9 DNA after Bal3l digestion and cloning

into E.coli JM83.

a. Background

Bal 31 niclease is a processive exonuclease which is capable of digesting

double stranded DNA to give rise to progressively shortened DNA molecules. The extent

of digestion is controlled by varying the incubation time. The termini of the Bal 31
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generated molecules are not exactly blunt-ended and therefore need to be treated with

the DNA polymerase (large fragment) from E.coli to make them exactly blunt-ended.

b. Experimental

The conditions for Bal3l nuclease digestion of pVVI and pVV9 were the same

as described in the Report Number Three for pVVI7 clone. The only differences in the

protocol are the omission of Sall linkers to the blunt-ended termini (Step iv on page 18 of

Annual Report #3) and the use of Pstl-Smal site of the vector for cloning (step vi on page

19 of Annual Report /3). Several transformants were screended and the mini-

preparation of plasmic; DNA was carried out. The size of the shortened target DNA was

determined after digestion with two restriction enzymes (Pstl + BamHI) and

electrophoresed with appropriate size markers on an agarose gel (1%). Fig. 5 shows a

stepwise ladder formation of shortened DNAs which were obtained from various subclons

of pVV9 cDNA. Similar protocol was used for pVV1 DNA. The subclones of pVVI and 9

were used for DNA sequence analysis.

4. Complete DNA sequence analysis of the subclones of pVVI and pVV9 generated by

Bal-31 and the verification of DNA sequence for the cDNA clone, pVV17 by

sequenring the comrplementary strand.

a. Background

The shortened inserts in these subclones are such that the difference in cDNA

insert size between any two of them is approximately 200-250 nucleotides (Fig. 5). The

rationale for choosing such a progression of shortened cDNA is that if the DNA sequence

analysis is carried out from a fixed site of these cDNA clones, and if we are able to

obtain sequence of 250-300 nucleotides per sequencing gel, then each block of sequence

data is expected to overlap with the next one (from a shortened cDNA) by about 50
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nucleotides. This strategy will enable us to obtain the complete sequence of a cDNA, 2

kb in length, very rapidly by sequencing the subset of shortened cDNA clones from the

fixed site of the plasmid. We used the chemical method of Maxam and Gilbert (1977) for

sequence analysis.

b. Experimental

The plasrnid DNA (201 g) from the parent clone (pVVl or pVV9) or subclone of

either parent clone was digested with BamHl (25 units) at 37°C for 60 min. The reaction

mixture was then treated accordingly depending on whether the DNA was to be labeled

at the 3' end or the 5' end. The end labeling methods of DNA are described in detail by

Maniatis et. al. (1982) and were followed. After labeling, the DNA was digested with the

appropriate restriction enzyme (Pstl or HindlIl), and the resultant fragments were

separated by low melting point (LMP-) agarose gel electrophoresis. The labeled

fragement of interest was recovered from the gel by phenol extraction. The purified

fragment was used for sequence analysis.

The complete nucleotide sequence of the DEN-2 cDNA clone pVVl and pVV9

which overlapped by 470 bp is given in Fig. 6a. In Fig. 6b, the complete sequence of

pVVI/ clone of DEN-2 RNA is given. This seque-nce is essentially the same as that

reported in Annual Progress Report (3) except that a few ambiquities which existed in

the previous sequence have been corrected by sequencing the complementary strand of

selected subclones of pVVI7 cDNA.
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5. Analysis of the DNA seq-.e~aces of pVV 17, pVVI and pVV9 for the presence of open

reading frame D%.., which are putative regions coding for the dengue viral

antigens.

a. Background and Results

Onc~e the primary sequences of a DNA segment has been determined, it is

important to locate the protein coding region(s) within that segment in order to

genetically engineer that segment for expression. The characteristic feature of a protein

coding region within DNA segment is the presence of an open reading frame (ORF) with

the occurrence of the initiation codon ATG at the beginning of the ORF and a

termnination codon at the end of the ORF. The distance between these two codons

depends on the %izt- of the protein encoded by this region. There are computer programis

.ivai lable- (wc hive )o- set o)f -, ich progra no; from)r International lBiotechnologies, Inc.,

Connectil itl t,) -ci tht, pri r ar sequenice of a D NA segment to iocate protein coding

re .;Iotis. ;'. -t- ).ir e f hoth str~vids of pVV3-I (the composite sequence of pVV9

-minc 1 I \ -sInned in the 5'---3' orientation in all possible (six)

!e . *-! t' !r.-V, -hown in Fig. 7, the third reading frame of pVV9 I

Ind p% v\ jp,r reudding framne which spanned the entire length of

the 1" i0. 0 this is the reading framne which is most likely used for

transil it ioll ;t, N -I ; )rott-ins, ind th at the polarity of the DNA sequence in 5' -3'

is samne is; thI at (f )I\- I VA g'e I Ion)e.

A\l the other live reading framnes contatined mnany termination codons and are

therefore, not involved in translation. Presence of long ORF in all the three cDNA

clones of IDEN-2 R NA tend to support the notion that DEN-2 vii us similar to yellow fever

virus genome in having a single long ORF coding for a polyprotein precursor (Rice et al.

i14S511.
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6. Amino acid sequences of the dengue viral polypeptides deduced from the DNA

sequence.

a. Background and Results

The translation of the DNA sequence of DEN-2 cDNA clones, pVV91

(composite sequence) and pVVI7 into the putative precursor polypeptide sequences of

Dengue viral antigens using a computer program is shown under the DNA sequences in)

Fig. 6a and 6b. Tht-se are 885 and 643 amino acids in length, respectively.



LEGEND TO FIGURES

Figure I Restriction enzyme analysis of cDNA clones of DEN-2 RNA.

a. The plasmid DNAs including the control vector (lane 11) was digested with

only Pstl. The plasmid DNAs that were used for this experiment were: rpUC

13'-1 (lane 11), pVVI (lane 10), pVV2 (lane 9), pVV4 (lane 8), pVV7 (lane 7),

pVV8 (lane 6), pVV9 (lane 5), pVVII (lane 4), pVV15 (lane 3) and pVV17 (lane

2).

b. The plasmids containing the cDNA inserts of DEN-2 RNA were prepared

and digested with a combination of two enzymes, 13g1II + PstI (lanes 2,4,6,7,

9,12), Pst[ + EcoRI (lanes 3,5,8, and 13), Pstl + Pvull (lane 10) or Pstl + KpnI

(lane 11). The plasmid DNA used are: pVV2 (lanes 2 and 3), pVV4 (lanes 4

and 5), pVV7 (lane 6), pVV15 (lanes 7 and 8), pVVII (lanes 9), pVVI (lane 10),

pVV9 (lane 11) and pVVI7 (lanes 12 and 13). DNA digested with eithcr

Hind II alone (Fig. la, lane 12) or with a mixture of EcoRt + Hind IIl (Fig.

la & lb, lane 1) were used as DNA size markers. The digests were

electrophoresed on an agarose gel (1%), stained with ethidium bromide and

photographed.

Figure 2 Southern hybridization analysis of cDNA clones from DEN-2 RNA.

The restriction digests from Fig. I were electrophoresed and transferred to

Gene Screen Plus Membrane Filter (NEN-DuPont). The DNAs immobilized onto the filter

were then hybridized to the probes, prepared by nick-translation of cDNA inserts from

the clones pVVl7 (Fig. 2a), pVV4 (Fig. 2b), pVV7 (Fig. 2d) and pVVII (Fig. 2c). The bands

that hybridized were visualized by autoradiography. Fig. 2a, lane 1,A Hindill + EcoRl;

9



lane 2, pUCI3'-I; lanes 3-11, pvvl,2,4,7,8,9,11,15 and 17, respectively. The numbered

lares in Fig. 2 b-d corresponds to Fig. lb. Fig. 2e. Southern hybridization of pVV1 and

pVV9 DNAs to localize homologous sequences. pVVI DNA was digested with either Pstl

alone (lane 2) or Pstl + Pvull (lane 3). Lane I contained DNA from pVV17 (undigested);

lane 4 contained a Pstl digest of pVV9 DNA. The DNAs were electrophoresed on an

agarose gel (1%), transferred to a Gene Screen membrane filter and hybridized with the

nick-translated probe of pVV9-cDNA insert. The bands were detected by

autoradiography.

Figure 3 Mapping of DEN-2 cDNA clones by restriction enzyme analysis and

Southern hybridization.

The results from Fig. I and Fig. 2 is summarized in this graphic plot. The

numbers refer to the number assigned to cDNA clones. The overlapping region between

pVVI and pVV9 is about 450 bp. E = EcoR; S = Stu I; B = Bgl II; K = Kpn I.

Figure 4 Strategy for kilo-base sequencing of the target DNA. The strategy is the

same as described by Guo et al. (1983).

Figure 5 Size analysis of pVV9 cDNA subclones by agarose gel electrophoresis.

pVV9 DNA (210 ig) was linearized by digesting with EcoRl. It was then

digested with 13a131 nuclease (1.5 units) in a total volume of 482 ul under conditions

described by Guo et al. (1983). Aliquots were taken at various time intervals and were

analyzed by electrophoresis on an agarose gel. Progressively shortened DNA molecules

were cloned between Pstl and Smal sites of PUCI3'-I vector and were used for

transformation of E.coli M83. Transformants were screened for the size of the cDNA

inserts by double digestion with restriction enzymes, Barn HI + Pst I. Lanes 1-5

contained DNA from subclones derived by Bal 31 digestion of pVV9 DNA for 2' (lane 1), 6'

10



(lanes 2 and 3) and 8' (lanes 4 and 5). Lanes 6 and 7 contained DNA molecular weight

markers. Lanes 8-14 contained DNA clones derived from 13al 31 digested pVV9 DNA for

6' (lanes 8-10 and 14) 8' (lanes II and 12) and 10' (lane 13).

Figure 6 DNA sequence of DEN-2 cDNA clones.

a. The cDNA clones pVVI and 9 were completely sequenced. We found that

these two clones overlapped by 470 bp as expected from the hybridization

results. The composite sequence of these two clones (call "pVV9I" in the

text) is shown.

b. Thf, sequence of pVVI7 clone is shown. This sequence was derived by

sequencing about 75% of the complementary strand of pVVL7 clone, the

sequence of which was originally reported in Report Number Three. A few

errors in the previous sequence were corrected.

Figure 7 Graphic analysis of open reading frame DNA.

The primary nucleotide sequence as shown in Fig. 6a & b and their

complements were translated using computer program in all possible reading frames.

The location of the stop codons are indicated by vertical lines.
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Fig.2b
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Fig.2d
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